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Background: Consumption of moderate amounts of animal-derived protein has been shown to differently 
influence skeletal muscle hypertrophy during resistance training when compared with nitrogenous and isoenergetic 
amounts of plant-based protein administered in small to moderate doses. Therefore, the purpose of the study was 
to determine if the post-exercise consumption of rice protein isolate could increase recovery and elicit adequate 
changes in body composition compared to equally dosed whey protein isolate if given in large, isocaloric doses. 

Methods: 24 college-aged, resistance trained males were recruited for this study. Subjects were randomly and 
equally divided into two groups, either consuming 48 g of rice or whey protein isolate (isocaloric and 
isonitrogenous) on training days. Subjects trained 3 days per week for 8 weeks as a part of a daily undulating 
periodized resistance-training program. The rice and whey protein supplements were consumed immediately 
following exercise. Ratings of perceived recovery, soreness, and readiness to train were recorded prior to and 
following the first training session. Ultrasonography determined muscle thickness, dual emission x-ray absorptiometry 
determined body composition, and bench press and leg press for upper and lower body strength were recorded 
during weeks 0, 4, and 8. An ANOVA model was used to measure group, time, and group by time interactions. If any 
main effects were observed, a Tukey post-hoc was employed to locate where differences occurred. 

Results: No detectable differences were present in psychometric scores of perceived recovery, soreness, or readiness 
to train (p > 0.05). Significant time effects were observed in which lean body mass, muscle mass, strength and power 
all increased and fat mass decreased; however, no condition by time interactions were observed (p > 0.05). 

Conclusion: Both whey and rice protein isolate administration post resistance exercise improved indices of body 
composition and exercise performance; however, there were no differences between the two groups. 
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Background 

Recommended levels for an adequate dietary protein in- 
take for an adult is 0.8 grams per kilogram of body 
weight, the average daily intake level that is sufficient to 
meet the nutrient requirement of nearly all healthy indi- 
viduals. The protein requirements are based on nitrogen 
balance, trying to achieve a balance between nitrogen in- 
take and excretion. Protein recommendations for endur- 
ance and strength trained athletes range from 1.2 to 
2.0 g/kg bw/d, reflecting the athlete s nutritional goal 
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to increase lean body mass [1,2]. The athlete has a choice 
of different animal (e.g. whey, casein, egg, beef, fish) or 
plant protein (e.g. soy, rice, pea, hemp) sources, differing in 
numerous ways such as the presence of allergens (lactose, 
soy), cholesterol, saturated fats, digestion rate (fast, inter- 
mittent, slow absorption of amino acids), or the relative 
amount of individual amino acids. In contrast to dairy pro- 
tein, plant protein sources are more often lower in one or 
more essential amino acids failing to match the require- 
ments of a complete protein (Table 1). 

Long term, periodized resistance training (RT) results 
in increases in skeletal muscle size and, ultimately, force 
generating capacity [3,4]. Sports nutrition scientists have 
attempted to increase training induced gains through a 
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Table 1 Essential amino acids profile of a complete protein 
in comparison to whey protein isolate and rice protein 
isolate used in this study (Eurofins Analytical Laboratories, 
Metairie, LA) 

Essential amino acid Complete Whey protein Rice protein 



[mg/g of protein] 


protein 


isolate 


isolate 


Tryptophan 


7 


22 


14 


Threonine 


27 


76 


35 


Isoleucine 


25 


70 


41 


Leucine 


55 


115 


80 


Lysine 


51 


101 


31 


Methionine + Cystine 


25 


48 


49 


Phenylalanine + Tyrosine 


47 


64 


101 


Valine 


32 


64 


58 


Histidine 


18 


18 


22 



number of protocols, which generally attempt to aug- 
ment and/or speed skeletal muscle regeneration. One 
such intervention has been to increase the provision of 
the branched chain amino acids (BCAAs), leucine, iso- 
leucine, and valine, which make up more than one third 
of muscle protein [5]. The BCAAs are unique among 
the essential amino acids (EAAs) for their roles in pro- 
tein metabolism [6], neural function [7-9], and blood 
glucose and insulin regulation [10]. Moreover, Garlick 
and colleagues [11] have found that BCAAs were able to 
stimulate skeletal muscle protein synthesis (MPS) to the 
same degree as all 9 EAAs. Of the BCAAs, only leucine 
was able to independently stimulate MPS [11]. It is well 
known that vigorous exercise can induce a net negative 
protein balance in response to both endurance and re- 
sistance training [12]. Norton and Layman proposed that 
consumption of BCAAs, namely leucine, could turn in- 
dividuals from a negative to a positive whole-body pro- 
tein balance after intense exercise [6]. In support, the 
consumption of a protein or EAA complex that contains 
sufficient leucine has been shown to shift protein bal- 
ance to a net positive state after intense exercise training 
[6,13]. These findings led Norton and Wilson [14] to 
suggest that optimal protein intake per meal should be 
based on the leucine content of the protein consumed. 

Early research indicates that 2-3 g, or up to 0.05 g/kg 
bodyweight, of leucine are required to maximize MPS 
[14-16]. However once this threshold has been reached, 
a proteins beneficial effects on MPS effectively plat- 
eaus. For example, consuming 40 grams of egg protein 
(4 grams of leucine) did not enhance MPS over 20 grams 
of egg protein (2 grams of leucine) [17]. 

Plant-based proteins contain approximately 6-8% 
leucine, and in low doses, they do not increase MPS 
compared to animal-based proteins, which contain ap- 
proximately 8-11% leucine [18,19]. However, if leucine is 



added to a plant-based protein, MPS rates are not signifi- 
cantly different from animal-based proteins [20]. Moreover 
at lower doses of protein (10% of energy), animal sources 
stimulate MPS to a greater degree than plant sources. 
However, at higher doses (30% of energy), both plant and 
animal-based proteins have reached the amount of leucine 
needed to optimize MPS, resulting in no differences be- 
tween the sources [21]. 

To date however, no research has compared higher 
doses of plant to animal based protein following a resist- 
ance training intervention. Large doses of rice protein 
isolate, an allergen-free plant protein, containing 8% leu- 
cine may be a suitable form of protein to support muscle 
hypertrophy in combination with RT. Based on the avail- 
able data, we hypothesize that higher doses of rice protein 
(48 g) will be comparable to an equally high dose of whey 
protein in its effects on lean mass and strength when given 
following RT. Therefore, the purpose of this study was to 
investigate the effects of higher doses of rice protein com- 
pared to equally high doses of whey protein on skeletal 
muscle hypertrophy, lean body mass, strength and power 
when given following 8 weeks of periodized RT in those in- 
dividuals with previous RT experience. 

Methods 

Experimental design 

Our study consisted of a randomized, double blind proto- 
col consisting of individuals given either 48 grams of rice 
or 48 grams of whey protein isolate following an acute re- 
sistance exercise bout (phase 1) and following each session 
during an 8 week periodized training protocol (Phase 2). 
Phase 1 of the study investigated the effects of protein 
sources on recovery 48 hours following a high volume, 
hypertrophy oriented resistance-training session. Phase 
two occurred for the remaining eight-week RT protocol, 
which consisted of training each muscle group twice per 
week using a non-linear periodized RT model. Direct ultra- 
sound determined muscle mass, dual emissions x-ray 
absorptiometery (DXA) determined body composition, 
maximal strength, and power were assessed collectively at 
the end of weeks 0, 4, and 8. 

Subjects 

Twenty-four healthy males (21.3 ± 1.9 years, 76.08 ± 5.6 kg, 
177.8 ± 12.3 cm) participated in the study. As inclusion cri- 
teria, it was required that all subjects cease taking nutri- 
tional supplements for three months prior to the study, 
had participated in RT at least 3 times per week for the 
past six months, and had a minimum of 1 year of RT ex- 
perience. Subjects were carefully matched by age, body 
mass, strength, and resistance training experience, then 
randomly placed into either the rice (n = 12) or the whey 
(n = 12) group. All procedures were approved by the Uni- 
versity of Tampa s Institutional Review Board. 
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Phase 1 resistance training protocol 

All subjects participated in a high volume resistance 
training session consisting of 3 sets of leg press, bench 
press, and military press, pull-ups, bent over rows, bar- 
bell curls and extensions. Immediately following the 
workout, subjects consumed 48 grams of RPI or WPI re- 
spectively. Immediately prior to the exercise session and 
48 hours post exercise, soreness, perceived readiness to 
train, and perceived recovery scale (PRS) measurements 
were taken. Soreness was measured on a visual analogue 
scale ranging from 0-10. With zero representing no 
soreness in the muscles at all, and 10 representing the 
worst muscle soreness ever experienced. PRS consists of 
values between 0-10, with 0-2 being very poorly recov- 
ered with anticipated declines in performance, 4-6 being 
low to moderately recovered with expected similar per- 
formance, and 8-10 representing high perceived recovery 
with expected increases in performance. Perceived readi- 
ness indicates how ready the subject felt they were to 
train. In this scale a 10 is the most ready an individual 
could be to train, while a 0 indicates the subject feels they 
are not ready at all to train. 

Resistance training protocol 

Our resistance training protocol was a modified combin- 
ation from Kraemer et al. [22] and Monteiro et al. [3]. 
These researchers found that a non-linear resistance- 
training program yielded greater results than a traditional 
or non periodized program in athletes. The program was 
designed to train all major muscle groups using mostly 
compound movements for the upper and lower body. The 
programmed, non-linear training split was divided into 
hypertrophy days consisting of 8-12 RM loads for 3 sets, 
with 60-120 seconds rest and strength days consisting of 2 
to 5 RM loads for 3 sets for all exercises except the leg 
press and bench press which received 5 total sets. Weights 
were progressively increased by 2-5% when the prescribed 
repetitions could be completed. All training sessions were 
closely monitored by the researchers to ensure effort and 
intensity were maximal each training session. 

Strength, power, body composition and skeletal muscle 
hypertrophy testing 

Strength was assessed via 1-RM testing of the leg press and 
bench press. Each lift was deemed successful as described 
by International Powerlifting Federation rules [23]. Body 
composition (lean body mass, fat mass, and total mass) 
was determined on a Lunar Prodigy DXA apparatus (soft- 
ware version, enCORE 2008, Madison, Wisconsin, U.S.A.). 
Skeletal muscle hypertrophy was determined via changes 
in ultrasonography determined combined muscle thickness 
of the biceps brachii and vastus lateralis (VL) and vastus 
intermedins (VI) muscles (General Electric Medical Sys- 
tems, Milwaukee, WI, USA). 



Power was assessed during a maximal cycling ergometry 
test. During the cycling test, the volunteer was instructed 
to cycle against a predetermined resistance (7.5% of body 
weight) as fast as possible for 10 seconds [24]. The saddle 
height was adjusted to the individuals height to pro- 
duce a 5-10° knee flexion while the foot was in the 
low position of the central void. A standardized verbal 
stimulus was provided to the subjects. Power output was 
recorded in real time by a computer connected to the 
Monark standard cycle ergometer (Monark model 894e, 
Vansbro, Sweden) during the 10-second sprint test. Peak 
power (PP) was recorded using Monark Anaerobic test 
software (Monark Anaerobic Wingate Software, Version 
1.0, Monark, Vansbro, Sweden). From completion of win- 
gate tests performed over several days, interclass correl- 
ation coefficient for peak power was 0.96. 

Supplementation and diet control 

Two weeks prior to and throughout the study, subjects 
were placed on a diet consisting of 25% protein, 50% car- 
bohydrates, and 25% fat by a registered dietician who spe- 
cialized in sport nutrition. Subjects met as a group with 
the dietitian, and they were given individual meal plans at 
the beginning of the study. Daily total of calories were de- 
termined by the Harris-Benedict equation and tracked by 
weekly logs to ensure compliance. The protein supplement 
was administered under supervision of a laboratory assist- 
ant following resistance training, and it consisted of either 



Table 2 Amino acid profile of the study materials 



Amino acid [mg/g of protein] 


Whey protein 
isolate 


Rice protein 
isolate 


Alanine 


54 


54 


Arginine 


23 


77 


Aspartic Acid 


118 


87 


Cystine 


25 


21 


Glutamic Acid 


191 


174 


Glycine 


19 


43 


Histidine 


18 


22 


Isoleucine 


70 


41 


Leucine 


115 


80 


Lysine 


101 


31 


Methionine 


23 


28 


Phenylalanine 


33 


53 


Proline 


64 


45 


Serine 


52 


49 


Threonine 


76 


35 


Tryptophan 


22 


14 


Tyrosine 


31 


47 


Valine 


64 


58 
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48 g of whey protein isolate (Nutra Bio Whey Protein 
Isolate (Dutch Chocolate), Middlesex, NJ) or 48 g of rice 
protein isolate (Growing Naturals Rice Protein Isolate 
(Chocolate Power) made with Oryzatein® rice protein, 
Axiom Foods, Oro Valley, AZ) dissolved in 500 ml of 
water. The amino acid profile of the study material was an- 
alyzed by an independent analytical laboratory (Eurofins 
Analytical Laboratories, Metairie, LA) and is displayed 
in Table 2. Both the whey protein supplement and rice 
protein supplement were isonitrogenous, isocaloric, and 
macronutrient ratio matched. 

All supplements were tested by HFL Sports Science 
prior to use to ensure no contamination with steroids or 
stimulants according to ISO 17025 accredited tests. 

Statistics 

An ANOVA model was used to measure group, time, 
and group by time interactions for both phase 1 and 2. 
If any main effects were observed, a Tukey post-hoc was 
employed to locate where differences occurred. All sta- 
tistics were run using Statistica software (Statsoft, 2011). 

Results 

Phase 1 

No differences existed between groups at baseline for any 
measure. There were no differences in the total amounts of 
weight lifted by the RPI (12296.3 ± 2412.6 kg) or WPI 



(11831.6 ± 2611.3 kg) group during the resistance training 
session. There was a significant time effect (p <0.05) 
for soreness, which increased in both the RPI (0.3 ± 0.6 to 
5.6 ± 2.2) and WPI (0.3 ± 0.5 to 6.0 ± 1.9) groups, with no 
differences between groups (no condition X time effect). 
There was a significant time effect (p <0.05) for PRS, which 
decreased in both the RPI (9.1 ± 1.5 to 5.45 ± 1.5) and WPI 
(8.7 ± 2.6 to 5.6 ± 1.4) groups, with no differences between 
groups (no condition X time effect). There were no sig- 
nificant time or condition x time effects for perceived 
readiness to train, indicating that the subjects perceived 
readiness had recovered within 48 hours. 

Phase 2 

There was a significant time effect (p <0.01) for lean 
body mass, which increased in both the rice (58.5 ± 5.5 
(baseline) to 59.5 ± 4.5 (week 4) to 61.0 ± 5.6 kg (week 8) 
and whey protein (59.6 ± 5.2 to 61.9 ± 4.5 to 62.8 ± 5.2 kg) 
conditions, with no differences between conditions (no 
condition X time effect). There was a significant time effect 
for body fat (p < 0.05), which decreased in both conditions, 
17.8 ± 6.0 to 16.6 ± 4.8 to 15.6 ± 4.9 kg in the rice protein 
condition and 16.3 ± 5.1 to 15.7 ± 4.8 to 15.6 ± 4.9 kg in the 
whey protein condition, from pre to post training, with no 
differences between conditions (no condition X time ef- 
fect). There was a significant time effect for quadriceps and 
biceps thickness (p<0.05), which increased from pre to 
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post training in the rice protein (5.0 ± 0.4 to 5.1 ± 0.4 to 
5.2 ± 0.5 cm and 3.6 ± 0.3 to 3.9 ± 0.3 to 4.1 ± 0.4 cm, re- 
spectively) and whey protein (4.8 ± 0.7 to 5.0 ± 0.5 to 5.1 ± 
0.5 cm and 3.6 ± 0.2 to 4.0 ± 0.3 to 4.1 ± 0.3 cm, respect- 
ively) conditions, with no differences between conditions 
(no condition X time effect). Body composition data is 
displayed in Figure 1. 

There was a significant time effect (p < 0.01) for 1-RM 
bench press strength, which increased from baseline to 
week 8 in both the rice protein (85.9 ± 20.5 to 95.5 ± 
21.4 kg) and whey protein (89.5 ± 18.5 to 98.5 ± 16.4 kg ) 
conditions, with no differences between groups (no con- 
dition X time effect). There was a significant time effect 
(p < 0.01) for 1-RM leg press strength, which increased 
from baseline to week 8 in both the rice (220.0 ± 38.5 to 
286.8 ± 37.2 kg) and whey (209.5 ± 35.0 to 289.7 ± 40.1 kg) 
conditions, with no differences between conditions (no 
condition X time effect). There was a significant time effect 
for wingate peak power (p < 0.01), which increased from 
baseline to week 8 in both the rice protein (638.4 ± 117.2 
to 753.9 ± 115.6 watts) and whey protein (687.1 ± 125.3 to 
785.0 ± 101.1 watts) conditions, with no differences be- 
tween conditions. Performance data is displayed in Table 3. 

Discussion 

The novel finding in the present study is that no signifi- 
cant condition by time interactions were observed be- 
tween the rice protein and whey protein supplements on 
short term recovery or training-induced adaptations. Our 
findings support the proposed hypothesis that higher doses 
of rice protein (48 g) will be comparable to an equally high 
dose of whey protein in its effects on body composition 
and exercise performance after periodized RT. In other 
words, RPI supports changes in strength and body com- 
position similarly to WPI. 

Subjects were given either 48 g of protein in the form of 
a rice or whey protein supplement. At these doses, the rice 
protein supplement contained approximately 3.8 g of leu- 
cine whereas the whey protein supplement contained 5.5 g 
of leucine. At these doses, both supplements are predicted 
to reach levels necessary to optimize muscle protein accre- 
tion [14] they are also greater than the amounts observed 
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in prior research [25,26]. Moore et al. [25] conducted a 
dose response study of an egg protein supplement compar- 
ing 0 g, 5 g, 10 g, 20 g, and 40 g of egg protein delivered 
after a bout of exercise. After consumption of the supple- 
ment, MPS rates were monitored for four hours. Their 
results suggested that MPS was maximally stimulated with 
20 g of egg protein, which contains 1.7 g of leucine. It 
was also observed that at double that dose (40 g, 3.4 g of 
leucine), no significant differences in MPS occurred. 

Chronic free leucine supplementation alone did not im- 
prove lean body or muscle mass during resistance training 
in the elderly, whereas it was able to limit the weight loss 
induced by malnutrition. Leucine-rich amino acid mixtures 
or proteins appeared more efficient than leucine alone to 
improve muscle mass and performance, thereby suggesting 
the efficacy of leucine depends on the presence of other 
amino acids. Small differences in protein digestion rates, 
differences in branched-chain amino acid content can im- 
pact the ability of the protein to maximize post exercise 
MPS. Available data on soy protein suggests that plant pro- 
teins might differ in their ability to support muscle protein 



Table 3 Changes in strength and power 





Baseline 


Week 4 


Week 8 


Bench Press (kg) Rice Protein Isolate 


85.9 ±20.5 


91.6 ±21.2 


95.5 ±21.4* 


Bench Press (kg) Whey Protein Isolate 


89.5 ± 18.5 


95.5 ± 17.8 


98.5 ± 16.4* 


Leg Press (kg) Rice Protein Isolate 


220.0 ±38.5 


266.4 ± 34.6 


286.8 ± 37.2* 


Leg Press (kg) Whey Protein Isolate 


209.5 ± 35 


259.5 ± 39.6 


289.7 ±40.1 * 


Peak Power (W) Rice Protein Isolate 


638.4+ 1 17.2 


692.5 ±118.6 


753.9 ± 115.6* 


Peak Power (W) Whey Protein Isolate 


687.1 ±125 


740.8 ±115.4 


785.0 ± 101.1* 



Data is displayed as mean ± standard deviation, * denotes significant change from baseline (p < 0.05). 



Joy et al. Nutrition Journal 2013, 12:86 
http://www.nutritionj.eom/content/12/1/86 



Page 6 of 7 



accretion after resistance exercise [17,26]. For example, 
post exercise consumption of fat-free milk promotes 
greater hypertrophy during the early stages of resistance 
training in novice weightlifters when compared with 
isonitrogenous and isoenergetic fat-free soy protein [26]. 
Hartman et al. [26] conducted research comparing milk 
protein, to soy protein, to a maltodextrin control in un- 
trained individuals. In Hartmans study, 17.5 g of protein in 
the form of milk or soymilk was given immediately and 
one hour following exercise, while the control group re- 
ceived an isocaloric maltodextrin beverage. 17.5 g of pro- 
tein from milk contains approximately 1.7 g of leucine, and 
17.5 g of protein from soymilk would contain 1.4 g of leu- 
cine. Following a twelve week RT program, the milk pro- 
tein group experienced greater increases in type II muscle 
fiber area. This study suggests that a moderate dose of milk 
protein increases lean mass to a greater extent than soy or 
a maltodextrin control when given following exercise. Soy 
proteins appear to support greater splanchnic rather than 
peripheral (i.e., muscle) protein synthesis and are converted 
to urea to a greater extent than are milk proteins. Alterna- 
tively, observed differences might be explained by differ- 
ences in leucine content or absorption kinetics. 

In the present study, the combined muscle thickness of 
the VI and VL increased in both the rice protein (0.2 cm) 
and whey protein (0.5 cm) conditions. Lean body mass in- 
creased in the rice protein condition by 2.5 kg, and it also 
increased in the whey protein condition by 3.2 kg. Com- 
bined bench press and leg press 1-RM strength increased 
in the rice protein condition by 76.4 kg and in the whey 
protein condition by 89.5 kg. However, no significant dif- 
ferences were observed between the two conditions for any 
measure. The collective findings of our study and others 
suggests that as the amount of protein consumed in- 
creases, the importance of the relative leucine content of 
the protein diminishes (see Figure 2) [21,27]. 

Study limitations 

Limitations of this study include the duration of the re- 
search and the lack of a non-supplemented control group. 
While no significant effects were observed between groups, 
potential differences in effects on body composition and 
exercise performance between groups may be more evi- 
dent if examined over a longer duration. Without a non- 
supplemented control group, we cannot conclude how 
beneficial protein supplementation was to resistance train- 
ing in this study. 

Conclusion 

The present results suggest that differences in protein 
composition are of less relevance when protein is con- 
sumed in high doses throughout periodized RT. Rice 
protein isolate consumption post resistance exercise de- 
creases fat-mass and increases lean body mass, skeletal 



muscle hypertrophy, power and strength comparable to 
whey protein isolate. 
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